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(54) Photoreceiver for selectively detecting light of a specific wavelength and the method of

manufacturing the same

(57)  The present invention relates to a photoreceiv-
er and method of manufacturing the same. For the pur-
pose of a selective detection of a specific wavelength,
if a waveguide type photodetector using a multiple quan-
tum-well layer having a quantum confined stark effect
as an optical absorption layer, the wavelength that is ab-
sorbed by the stark effect by which the transition energy
edge of the optical absorption band is varied depending
on the intensity of an electric field applied to the multiple
quantum-well layer is varied. Thus, a wavelength selec-

tive detection characteristic can be varied simply imple-
mented. The waveguide type photodetector of this
structure is integrated on a semi-insulating InP sub-
strate with a heterogeneous bipolar transistor having an
n+InP/p+InGaAs/n-InGaAs/n+InGaAsP high-gain am-
plification characteristic. Thus, a photoreceiver of a high
performance and a high sensitivity having a specific
wavelength selective detection function that can be
used in an optical communication system of a high-per-
formance wavelength-multiplexing mode can be provid-
ed.
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Description
BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The invention relates generally to a photore-
ceiver for detecting and amplifying optical signal in an
optical communication system of an ultra-high large-
scale wavelength division multiplexing mode, and meth-
od of manufacturing the same. More particularly, the in-
vention relates to a photoreceiver in which a photode-
tector using a quantum-well structure having a quantum
confined stark effect as an optical absorption layer and
a heterojunction bipolar transistor are integrated on a
single chip, whereby an optical signal of a specific wave-
length is selectively detected and a converted electrical
signal is amplified, thus providing a good amplification
characteristic and receiver sensitivity, and method of
manufacturing the same.

Description of the Prior Art:

[0002] A conventional photoreceiver, which has been
widely used in optical communication systems, has a
structure in which a p+InGaAs/i-InGaAs/n+InGaAs long
wavelength photodetector 10 of a common PiN struc-
ture and a heterojunction bipolar transistor 20 of a
n+InP/p+InGaAs/i-InGaAs/n+InGaAs structure are inte-
grated on a semi-insulating InP substrate 101, as shown
in Fig. 1.

[0003] In other words, the long wavelength photode-
tector 10 has an n+InGaAs layer 102A, an n-InGaAs op-
tical absorption layer 103A and a p+InGaAs ohmic layer
104A, all of which are stacked on given regions of the
semi-insulating InP substrate 101. At this time, the n-
InGaAs optical absorption layer 103A and the p+InGaAs
ohmic layer 104A are formed on a given region of the
n+InGaAs layer 102A. A p-electrode 105 is formed on
a given region of the p+InGaAs ohmic layer 104A and
a n-electrode 106 is also formed on a given region of
the n+InGaAs layer 102A.

[0004] Also, a heterojunction bipolar transistor 20 has
a n+InGaAs sub-collector 102B, a n-InGaAs collector
103B, a p+InGaAs base 104B, an n+InP emitter 108
and a n+InGaAs ohmic layer 108, all of which are
stacked. The n-InGaAs collector 103B and the p+in-
GaAs base 104B are formed on a given region over the
n+InGaAs sub-collector 102B. An n+InP emitter 107
and an n+InGaAs ohmic layer 108 are also formed on
agivenregion over the p+InGaAs base 104B. An emitter
electrode 109 is formed on the n+InGaAs ohmic layer
108. A base electrode 110 is formed on a given region
overthe p+InGaAs base 104B. A collector electrode 111
is formed on a given region over the n+InGaAs sub-col-
lector 102B.

[0005] Meanwhile, polymer 112 for protecting the sur-
face of the long wavelength photodetector 10 and the
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heterojunction bipolar transistor 20 and electrically con-
necting them is formed on the entire structure. The long
wavelength photodetector 10 and the heterojunction bi-
polar transistor 20 are then patterned to expose respec-
tive electrodes, thus forming an air bridge metal line be-
tween the p-electrode 105 of the photodetector 10 and
the base electrode 110 of the heterojunction bipolar
transistor 20.

[0006] The crystal structure of the p*-InGaAs/i-In-
GaAs/n*-InGaAs long wavelength photodetector of a
simple PiN crystal structure thus constructed, has been
widely employed since additional crystal growth for in-
tegrated photodetectors are unnecessary because it is
same with the base, collector and the sub-collector of
the heterojunction bipolar transistor.

[0007] The photoreceiver of this structure has only a
simple function of detecting and amplifying optical sig-
nals but does not have a characteristic of selectively de-
tecting optical signals considering wavelength. Further,
there is another problem in the conventional structure.
That is, as the layer for absorbing light is the surface
incident type, the cross section of an optical fiber is wide
and covers all the area of an integrated chip if the struc-
ture is made module by using this optical fiber coupling
scheme, thus having difficulty in making a module of the
structure.

[0008] Various wavelengths are multiplexed in a cur-
rent large-scale wavelength division multiplexing optical
communication system. Thus, an optical grating router,
an arrangement waveguide diffraction grating, and the
like in the receiving element again demultiplexing mul-
tiplexed signals. A photodetector then converts the de-
multiplexed optical signals into electrical signals. Next,
an amplifier amplifies the electrical signals. As such, the
construction of the receiving elements for demultiplex-
ing, detecting and amplifying the optical signals be-
comes complex. Therefore, there is a disadvantage that
the manufacturing cost is high. Therefore, in order to
construct an cost effective optical communication sys-
tem of a ultra-high long distance large-scale wavelength
division-multiplexing mode, there is a need for a pho-
toreceiver for selectively detecting the optical signals of
a specific wavelength from various multiplexed wave-
lengths and having a high gain amplification function of
converted electrical signals.

SUMMARY OF THE INVENTION

[0009] The present invention is contributed to solve
the above problems and an object of the present inven-
tion is to provide a single chip integrated photoreceiver
capable of selectively detecting optical signals of a spe-
cific wavelength from various wavelengths and having
a function of amplifying converted electrical signals, and
method of manufacturing the same.

[0010] Another object of the present invention is to
provide a single chip integrated photoreceiver in which
a waveguide type photodetector using a quantum-well
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structure having a quantum confined stark effect as an
optical absorption layer and a n+InP/p+InGaAs/n-In-
GaAs/n+InGaAsP heterojunction bipolar transistor for
amplifying electrical signals converted by the
waveguide type photodetector are integrated on semi-
insulating InP substrate, and method of manufacturing
the same.

[0011] According to the present invention, in order to
selectively detect optical signals of a specific wave-
length, a waveguide type photodetector using a multiple
quantum-well layer having a quantum confined stark ef-
fect as an optical absorption layer. As shown in Fig. 2,
the wavelength of light that is absorbed by the quantum
confined Stark effect the transition energy of which at
the optical absorption band is varied depending on the
intensity of an electric field applied to the multiple quan-
tum-well layer, as shown in Fig. 2. Therefore, a wave-
length selective detection characteristic can be very
simply implemented. Further, the waveguide type pho-
todetector of this type is integrated on a single semi-
insulating InP substrate with a heterojunction bipolar
transistor having an n+InP/p+InGaAs/n-InGaAs/n+In-
GaAsP high gain amplification characteristic. Therefore,
a photoreceiver of a cost effective and high performance
having a function of selectively detecting a specific
wavelength, which can be used in an optical communi-
cation system of a high-performance wavelength divi-
sion-multiplexing mode, is provided.

[0012] Inordertoaccomplish the above object, a pho-
toreceiver according to the present invention, is charac-
terized in that it comprises a waveguide type photode-
tector consisting of a p+InGaAsP ohmic electrode
formed on a given region of a semi-insulating InP sub-
strate, ani-InGaAsP (A 4)/i-InGaAsP(A ,) optical absorp-
tion layer of a multiple quantum-well structure which are
stacked on a given region of the p+InGaAsP ohmic elec-
trode, a n+ InGaAsP, an n-InGaAs ohmic layer, and a n-
electrode and a p-electrode each of which is formed on
a given regions of the n-InGaAs layer and a given region
of the p+InGaAsP ohmic electrode; and a heterojunction
bipolar transistor consisting of a p+InGaAsP layer
stacked on a given region of the semi-insulating InP sub-
strate, i-InGaAsP(A 4)/i-InGaAsP(A ,) layer and n+In-
GaAsP sub-collector layer of a multiple quantum-well
structure, n-InGaAs layer and p+InGaAs base layer for
high-speed current transfer that are stacked on given
regions of the n+InGaAsP sub-collector layer, n+InP
emitter layer and n+InGaAs ohmic layer which are
stacked on given regions of the p+InGaAs base layer,
an emitter electrode formed on the n+InGaAs ohmic lay-
er, a base electrode formed on a given region of the
p+InGaAs base layer, and a collector electrode formed
on a given region of the n+InGaAsP sub-collector layer.
[0013] Further, a method of manufacturing a photore-
ceiver according to the present invention, is character-
ized in thatit comprises the steps of sequentially forming
a p+InGaAsP layer, an i-InGaAsP/i-InGaAsP layer of a
quantum-well structure, an n+InGaAsP layer, an n-In-
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GaAs layer, a p+InGaAs layer, an n+InP layer and an
n+InGaAs layer on a semi-insulating InP substrate; de-
fining a photodetector region and a heterojunction bipo-
lar transistor and then removing the n+InGaAs layer, the
n+InP layer and the p+InGaAs layer in the photodetector
region; etching out the given region of n-InGaAs layer,
n+InGaAsP layer and the i-InGaAsP(A 4)/i-InGaAsP
(A ») layer of a quantum-well structure in the photode-
tector region to expose the p+InGaAsP layer, thus de-
fining a waveguide type photodetector; forming a n-elec-
trode on a given region of the n-InGaAs layer and then
forming a p-electrode on a given region of the p+In-
GaAsP layer to produce a waveguide type photodetec-
tor; isolating the photodetector region and the hetero-
junction bipolar transistor region by etching to a given
region of the p+InGaAs layer from the n+InGaAs layer
to expose a given region of the semi-insulating InP sub-
strate; selectively etching the n+InGaAs layer and the
n+InP layer in the heterojunction bipolar transistor re-
gion to form an emitter electrode of a mesa shape; form-
ing a base electrode on a given region of the exposed
p+InGaAs layer; and removing the n-InGaAs layer and
then forming a collector electrode on a given region of
the exposed n+InGaAsP layer, thus producing a heter-
ogeneous bipolar transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The aforementioned aspects and other fea-
tures of the present invention will be explained in the
following description, taken in conjunction with the ac-
companying drawings, wherein:

Fig. 1 is a cross-sectional view of a photoreceiver
in which a planar type long wavelength photodetec-
tor of a common PiN structure and an n+InP/p+In-
GaAs/n-InGaAs/n+InGaAsP heterogeneous bipo-
lar transistor are integrated;

Fig. 2 is a graph showing variation in the transition
edge energy of a light absorption wavelength de-
pending on the intensity of the applied electric field
to multiple quantum-well structure; and

Fig. 3 a cross-sectional view of a photoreceiver in
which a waveguide type long wavelength photode-
tector using a multiple quantum-well layer as a light
absorption layer and an n+InP/p+InGaAs/n-In-
GaAs/n+InGaAsP heterogeneous bipolar transistor
are integrated according to the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0015] The present invention will be described in de-
tail by way of a preferred embodiment with reference to
accompanying drawings.

[0016] Fig. 3 across-sectional view of a photoreceiver
in which a waveguide type long wavelength photodetec-
tor using a multiple quantum-well layer as a light absorp-
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tion layer and an n+InP/p+InGaAs/n-InGaAs/n+In-
GaAsP heterogeneous bipolar transistor are integrated
according to the present invention.

[0017] The photoreceiver includes a p+InGaAsP lay-
er 202 for forming a photodetector ohmic electrode, an
i-InGaAsP(A 4)/i-InGaAsP(A ,) multiple quantum well
layer 203 as an optical absorption layer of a multiple
quantum-well structure having a wavelength selective
detection characteristic depending on the intensity of an
electric field that is applied to a quantum confined Stark
effect, an n+InGaAsP layer 204 for a sub-collector layer
of a heterojunction bipolar transistor, an n-InGaAs layer
205 for a high-speed current transfer of the heterogene-
ous bipolar transistor, a p+InGaAs layer 206 for a base
layer, an n+InP layer 207 for an emitter layer, and an
n+InGaAs layer 208 for improving an ohmic character-
istic of the transistor, all of which are sequentially
stacked on a semi-insulating InP substrate 201 by
means of a MOCVD method being an organic metal va-
por growth method.

[0018] Next, a photodetector region A and a hetero-
junction bipolar transistor region B are defined. An etch-
ing mask as an insulating film by which the heterojunc-
tion bipolar transistor region B is closed and the photo-
detector region A is exposed is then formed. Next, the
n+InGaAs layer 208, the n+InP layer 207 and the p+In-
GaAs layer 206, which are formed in the photodetector
region A, are completely removed. The n-InGaAs layer
205 in the photodetector region A, the n+InGaAsP layer
206 and, a given region in a longitudinal direction of the
i-InGaAsP/i-InGaAsP layer 203 are then removed to
form a waveguide photodiode by means of photolithog-
raphy process and etching process, so that the p+In-
GaAsP layer 202 is exposed. Thus, the photodetector
region A is formed to be a waveguide type. Ti/Pt/Au is
then deposited on a given region by photolithography
process and lift-off process to form an n-electrode 209.
Ti/Pt/Au is also deposited on a given region by photoli-
thography process and lift-off process to form a p-elec-
trode 210. Next, an annealing process is performed to
complete the photodetector.

[0019] In order to isolate the photodetector and the
heterogeneous bipolar transistor, a given region of the
p+InGaAsP layer 202 is removed from the top n+In-
GaAs layer 208 to expose a given region of the semi-
insulating InP substrate 201.

[0020] An etching mask as an insulating film by which
the photodetector region A is closed and the heteroge-
neous bipolar transistor region B is exposed is formed.
The n+InGaAs layer 208 and the n+InP layer 207 are
selectively etched to form an emitter electrode 211 of a
mesa shape. Ti/Pt/Au is then deposited on the exposed
n+InGaAs layer 208 by the photolithography process
and lift-off process to form a emitter electrode 211. Ti/
Pt/Au is then deposited on the exposed p+InGaAs layer
206 by the photolithography process and lift-off process
to form a base electrode 212. The n-InGaAs layer 205
is removed. Next, Ti/Pt/Au is also deposited on the ex-
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posed n+InGaAsP layer 204 by the photolithography
process and lift-off process to form a collector electrode
213.

[0021] Thereafter, in order to protect the surface of the
photodetector and the heterojunction bipolar transistor
and electrically connect them, polymer 214 is coated.
Each of the electrodes is exposed by means of the pho-
tolithography process and etching process. Due to this,
an air bridge metal line is formed between the p-elec-
trode 210 of the photodetector and the base electrode
212 of the heterojunction bipolar transistor. Thus, a sin-
gle chip integration type photoreceiver for selectively
detecting light of a specific wavelength, in which a
waveguide type photodetector and a n+InP/p+InGaAs/
n-InGaAs/n+InGaAsP heterogeneous bipolar transistor
are integrated, is completed.

[0022] As mentioned above, according to the present
invention, a waveguide type photodetector using a
quantum-well structure as an optical absorption layer
and n+InP/p+InGaAs/n-InGaAs/n+InGaAsP hetero-
junction bipolar transistor for amplifying an electrical sig-
nal converted by the waveguide type photodetector is
integrated on a semi-insulating InP substrate. Thus, a
single chip integrated photoreceiver having a function
of selectively detecting wavelengths and good receiver
sensitivity and amplification characteristics can be im-
plemented. Further, as the structure of the photodetec-
tor is formed to be a waveguide type, there is an advan-
tage that an optical fiber and the photodetector are eas-
ily coupled because the optical fiber is arranged to the
edge of the photodiode. If the waveguide type photode-
tector of this structure having a quantum confined Stark
effect and the heterojunction bipolar transistor are inte-
grated on a single chip, the photodetector and the het-
erogeneous bipolar transistor are grown in a vertical di-
rection. Thus, they can be manufactured by a single run
of organic metal vapor growth method. Therefore, there
is an advantage that the process can be simplified com-
pared to a process of manufacturing a single chip of a
high-speed electronic device having a structure the
crystal growth of which is needed to be by several times.
[0023] The presentinvention has been described with
reference to a particular embodiment in connection with
a particular application. Those having ordinary skill in
the art and access to the teachings of the present inven-
tion will recognize additional modifications and applica-
tions within the scope thereof.

[0024] Itis therefore intended by the appended claims
to cover any and all such applications, modifications,
and embodiments within the scope of the presentinven-
tion.

Claims
1. A photoreceiver, comprising:

a waveguide type photodetector consisting of



7 EP 1 367 651 A2 8

a p+InGaAsP ohmic electrode formed on a giv-
en region of a semi-insulating InP substrate, an
i-InGaAsP(A 4)/i-InGaAsP(A ,) optical absorp-
tion layer of a multiple quantum-well structure
that is stacked on a given region of the p+In-
GaAsP ohmic electrode, a n+ InGaAsP, an n-
InGaAs ohmic layer, and a n-electrode and a p-
electrode each of which is formed on a given
region of the n-InGaAs layer and a given region
of the p+InGaAsP ohmic electrode; and

a heterojunction bipolar transistor consisting of
a p+InGaAsP layer stacked on a given region
of the semi-insulating InP substrate, i-In-
GaAsP/i-InGaAsP layer and n+InGaAsP sub-
collector layer of a multiple quantum-well struc-
ture, n-InGaAs layer and p+InGaAs base layer
for high-speed current transfer which are
stacked on a given region of the n+InGaAsP
sub-collector layer, n+InP emitter layer and
n+InGaAs ohmic layer which are stacked on a
given region of the p+InGaAs base layer, an
emitter electrode formed on the n+InGaAs
ohmiclayer, a base electrode formed on a given
region of the p+InGaAs base layer, and a col-
lector electrode formed on a given region of the
n+InGaAsP sub-collector layer.

The photoreceiver as claimed in claim 1, further
comprising polymer for protecting the surface of the
waveguide type photodetector and the heterojunc-
tion bipolar transistor and electrically connecting
the waveguide type photodetector and the hetero-
junction bipolar transistor.

The photoreceiver as claimed in claim 2, wherein
the polymer is formed to expose respective elec-
trodes of the waveguide type photodetector and the
heterojunction bipolar transistor, and a p-electrode
of the waveguide type photodetector and the base
electrode of the heterogeneous bipolar transistor
are connected to form an air bridge electrode line.

The photoreceiver as claimed in claim 1, wherein
the polymer is formed to expose respective elec-
trodes of the waveguide type photodetector and the
heterojunction bipolar transistor, and a p-electrode
of the waveguide type photodetector and the base
electrode of the heterojunction bipolar transistor are
connected to form an air bridge electrode line.

A method of manufacturing a photoreceiver, com-
prising the steps of:

sequentially forming a p+InGaAsP layer, an i-
InGaAsP/i-InGaAsP layer of a quantum-well
structure, an n+InGaAsP layer, an n-InGaAs
layer, a p+InGaAs layer, an n+InP layer and an
n+InGaAs layer, on a semi-insulating InP sub-
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strate;

defining a photodetector region and a hetero-
junction bipolar transistor and then removing
the n+InGaAs layer, the n+InP layer and the
p+InGaAs layer in the photodetector region;
removing the n+InGaAs layer, n+InGaAsP lay-
er and a given region of the i-InGaAsP/i-In-
GaAsP layer of a quantum-well structure in the
photodetector region to expose the p+InGaAsP
layer, thus defining a waveguide type photode-
tector;

forming an n-electrode on a given region of the
n-InGaAs layer and then forming a p-electrode
on a given region of the p+InGaAsP layer to
produce a waveguide type photodetector;
isolating the photodetector region and the het-
erogeneous bipolar transistor region, by re-
moving a given region of the p+InGaAs layer
from the n+InGaAs layer to expose a given re-
gion of the semi-insulating InP substrate;
selectively etching the n+InGaAs layer and the
n+InP layer in the heterogeneous bipolar tran-
sistor region to form an emitter electrode on a
mesa shape;

forming a base electrode on a given region of
the exposed p+InGaAs layer; and

selectively removing the n-InGaAs layer and
then forming a collector electrode on a given
region of the exposed n+InGaAsP layer, thus
producing a heterojunction bipolar transistor.

The method as claimed in claim 5, wherein the p+In-
GaAsP layer, the i-InGaAsP/i-InGaAsP layer of the
multiple quantum-well structure, the n+InGaAsP
layer, the n-InGaAs layer, the p+InGaAs layer, the
n+InP layer and the n+InGaAs layer are formed by
an organic metal vapor growth method.

The method as claimed in claim 5 or 6, wherein the
p-electrode and the n-electrode are formed by de-
positing Ti/Pt/Au by photolithography process and
lift-off process.

The method as claimed in claim 5, 6, or 7 wherein
the base electrode and the collector electrode are
formed by depositing Ti/Pt/Au by photolithography
process and lift-off process.

The method as claimed in claim 5, 6, 7 or 8 further
including the step of forming polymer on the entire
structure in order to protect the surface of the
waveguide photodetector and the heterogeneous
bipolar transistor and electrically connecting the
waveguide photodetector and the heterojunction bi-
polar transistor, exposing the electrode and then
forming an air bridge metal line between the p-elec-
trode and the base electrode.
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